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I. INTRODUCTION

On September 21 and October 2, 1973, B. W. Colston, Area Manager,

Rocky Flats Area Office, U. S. Atomic Energy Commission, requested infor-
mation concerning contamninated materials and waste storage tanks. On
October 4, 1973, the request was broadened to include the development of

a comprehensive plan of action dealing with the investigation and unqual-
ified location of all contaminated soil on the Rocky Flats plant site.

The plan waS to include but not necessarily be.limited to defining locations,
quantities of soil involved, and preparation of cost estimates and schedules

for proper disposal.

«#:+.. The-preliminary response. to these. requests;.which,was intended. ... ., .
for use in briefings, was submitted on October 30, 1973, and included:

1. A color-coded map showing where waste lines exist and what type of
‘materials are transported in the lines. Footing drains, foundation
drains, and the general flow of surface runoff were included.

2. A discussién of instances wherein significant quantities of radioactive
or other toxic liquids are stored in tanks and the means available to
detect leakage and initiate corrective actions if required.

3. A color-coded map indicating burial sites with the type and estimated
quantity of material buried. This map indicated locations where
significant amounts of contaminated materials were deliberately buried
or contained and did not include areas known or suspected'to be con-
taminated due to weather actions, spills, leaking pipelines, etc.

4. A list by type and quantity of all harmful or potentially harmful
materials currently being used on plant site.

The following is the expanded and detailed information which was

requested and is the result of searching records, reviewing literature, and
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nunrerous discussions with a large nunber of employees many of whom have
been emplcyed at Rocky Flats since 1952.

In describing the location and types of materials involved, the
use of the word '‘contaminated' has been purposely avoided. This is not to
be interpreted as an attempt to avoid the issue but merely to emphasize
that no official definition of ‘contaminated' exists. Section III is
devoted to a detailed discussion of ''contaminated.'
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II. INFILTRATED SOIL INVENTORY

Soils under and around Buildings 559, 701, 770, 771, 774, 776-777,
779, and 995 have become infiltrated with various radioactive and chemical
materials as a consequence of long-term, routine operations. Foundations,
footings, pilings, and associated drainages must be considered both radio-
actively and chemically infiltrated by leaks, spills, weather actions, etc.
The principal radioactive material in these areas is plutonium with minor
amounts of other radioisotopes and plutonium decay products (2*!Am). Es-
timated activity levels range from below present detection levels to greater
than 10° dpm/100 an?, actual levels are in all probability far less than
the maximum. Major chemicals involved include nitrates, chromates (Cr+°),

- organicsii(such as CCly),<and, -in some locations, berydliume . « . .oweme e wbis o

Soils under Building 707, while faced with the same potential
for structural infiltration of radioisotopes and chemicals, are not at
this time considered operationally affected to the extent noted for other

structures.

Soils under and around Buildings 441, 442, 444, 447, 865, 881,
883, 886*, and 889 are also infiltrated. Soils under Buildings 122, 123,
125, 439, and 440 are involved but to a lesser degree. With the exception
of possible extremely low levels of plutonium under and around Buildings 122,
123, and 881 and minor 2°%U in Building 881, the major radioisotopes of
concern in these areas are enriched and depleted uranium. Chemically,
nitrates, chromates, and beryllium infiltration are to be expected, espe-
cially in the '400" Complex and under and around Building 865 and 881.

Some uranium infiltration may exist under Buildings 331, 884,
and 991, but levels are low, possibly undetectable.

*While plutoniun is handled in Building 886, it is handled in solid form
only. Enriched uranium spills are considered as the only major possible

contributions.
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A sutmary of the relative degree of soil infiltration under
buildings known or suspected to be radiocactively or chemically infil-
trated at Rocky Flats is shown on Table I.

Details of each building and the surrounding area are included

with the following maps.
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. . TABLE I

The following buildings at Rocky Flats are currently known or suspected
to be radioactively or chemically infiltrated. It is assumed that the
soil under each building is similarly infiltrated.

*Type Of **Estimated Degree
Radioactive Radioactive Chemical
Building Infiltration Infiltration ‘Infiltrdation
122 Pu Trace Trace
123 Pu Low Moderate
125 Pu Trace Trace
331 EO Trace
334 EU Trace
rbes e 430 G v s st a ey et o TTAC@ A s Gl bk e gy
. RN 4‘40 T, b . e .‘ w Mt aAd] . A 'I‘race' FS L NTY . ANk Z »d -
441 - DU Trace Moderate
442 DU Low Trace -
444 J Low Moderate
447 J Low Low
559 Pu Moderate High
. 663 Pu Trace Trace
' 701 Pu Low Trace
707 Pu Low Trace
770 . O e - Pa Low Vs Low . . .
771 Pu High High
774 Pu Moderate Moderate
776 Pu High Low
777 Pu Moderate Low
778 Pu Low Low
779 Pu Low Moderate
A 865 DU Low Low
' 881 EU Low High
883 EU Low Trace
- 884 - - . HEU Trace - I S
886 e Pu Trace Trace ..
889 EU Low Moderate
991 Pu Trace

*Type of radioactive infiltration refers only to major radioactive material
involved. Other radioactive elements are also involved but to lesser extent.

**Degree of infiltration refers to relative cost of cleanup.
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. THE FOLLOWING MAPS ARE NOT INCLUDED IN T.'HIS KEY:

MAP 108, B-SERIES HOLDING PONDS

Prec o= mwmm maeea

' MAP 1A. ARSITRARY

M INDICATION OF

POSS|BLY

MAP 11, BURIAL SITES

MAP 13. ROADWAYS

MAP 14. PROCESS WASTE SYSTEM

MAP 14A. PROCESS WASTE-LINE LEAKAGE AREAS
MAP 15. STORAGE TANKS

MAP 15A. X-GASBOTTLE DISPOSAL

MAP 16. PLUTONIUM ISOPLETHS

MAP 16A.B. ANALYTICAL RESULTS IN PLANT VICINITY

MAP 17.

MAP 18,
MAP 19,
MAP 20.

MAP 7. 122, 123, 441,

MAP 6. 439, 440, 444-447

PLUTONIUM CONTOURS BASED ON KATHREN
STANDARDS

STATEWIDE PLUTONIUM/SOIL RESULTS

AUSTIN GR!D SAMPLES

SAMPLE WELL LOCATIONS

442, 443, 331,

MAP 1. 770, 771, 774

34, 551, 554

S |

MAP 3. 559, 707

MAP 2. 701,

1

MAP 8. 865,
883, 886, 889

MAP 5. 663-668
STORAGE AREAS

KEY TO SECTIONAL MAPS. f

MAP 4A DEFINITION
OF NITRATE
FIELD

4
. SOLAR
EVAPORATION

MAP 10A.
SOUTH

776777, 778, 779
(MAP 2A. AREA AFFECTED BY ‘69 FIRE)

WALNUT
CREEK

4MAP 12A. FIDLER
SURVEY RESULTS

O

. 903-AREA
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Incidents by Area

Map 1 (Buildings 770, 771, and 774)

The nature of operations in Buildings 770 (Scrap Storage), 771
(Chemical Recovery), and 774 (Liquid Waste Treatment) are such that infil-
tration is inevitable. Remarkably, there have been relatively few inci-
dents which have, as a rule, been quickly contained and cleaned. A
sumnary of some of the major incidents follows.

Physical default of process waste storage tanks and drums has
been one of the major contributors of chemical and radioactive materials

(south of Building 774) contributed levels of up to 2,500 dpm/g (gross
alpha) and leaking drums (north of Building 771) in 1971 contributed levels
up to 100,000 dpm/100 cm® on asphalt. Both the soil and asphalt (about

200 square feet of asphalt in one incident and about 2,300 in another)

were removed for off-site disposal.

"As noted on Map 1, the outfall northwest of Building 773 has™
been the site of some material accumulation. This outfall resulted from
the release of plutonium in laundry water and water from laboratory sinks.
In 1958, radioactivity of 17,400 dpm/g was detected in the soil at this
outfall. Soil samples collected in 1971 indicated 100,000 dpm/g. The
plumbing leading to this outfall was corrected and 149 drums of soil were
removed for off-site disposal. .

The area immediately adjacent to the Building 771 ventilation
stack must also be considered an area of interest, however, fallout from
this stack is minor compared to process waste infiltration (discussed in
conjunction with Map 14). The underground plenum leading to the stack
is also of interest.

pRA

weggithe €0 11 around the§é ‘buildingss - . Leaking : procés§-wastestanks s makg57 bikiad o vt
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Chemically, there have been several instances of caustic and
acid spills in this area. Hydrofluoric acid (HF) has, on occasion, in-
filtrated the soil around the HF storage shed, but due to the extreme
reactivity of this material, little or no envirommental-affective residue
would be expected. The potassium hydroxide (KOH) and sodium hydroxide
(NaOH) tanks south of Building 771 and north of Building 774, respectively,
have also overflowed, leaked, etc. In all cases, these spills have been
dramatically diluted with water and, with one possible exception, should
have limited environmental consequences. That possible exception would
be an overfill in the KO tanks south of Building 771. It is'likely that
much of the overflow penetrated soil to the level of the Building 771 foun-
dation and infiltrated soil under the building. However, the presence of
sprlngs and- subsurface runoff under the bulldlng heve more than 11kely

R i S B i S s T S A A N RIS I e e 1 i

reduced the p0551b1e concentratlon to an 1nconsequentlal Tevel .

Table II documents major incidents in the Buildings 770-771-774
area.

It should be noted that while corrective action has historically

" beén to rémove” the affécted soils, it is a physical impossibility to remove

it all. Therefore, "minor" infiltration inevitably remains and relative

"hot spots'’ are to be expected, even if not detected.

o R .n.'# i g r:‘

_v;.,.'. “
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TABLE 11

Major Incidents in the Area of Buildings 770, 771, and 774 (See Map 1)

(Note: Pipeline leaks, etc., are discussed separately.)

Prior to 1

956, the process waste holding tank located north of Building 771

overflowed on several occasions with minor impact.

1956

s NTTP1987 3y

October: Process waste tanks (Building 774) overflowed, minor
envirormental infiltration. '

MigustinsFeaking process.waste tanks(Building 774 MinoE: oo o 2y oL

environmental infiltration cleaned up.

September: Building 771 fire - some envirommental infiltration,

‘particularly north and near the hatch on the southwest corner of

1958

1963

1968

the building. Actual levels unknown, soil and vegetation samples

inconclusive.

April: Soil infiltration noted at laundry outfall (Building 773),
17,400 dpm/g.

January: Liquid containing plutonium spilled outside Building 774

entrance. Material cleaned up.

pemes Alda e s awe . ~

"January: Coveralls containing plutonium found on west dock-of- --

Building 771. Levels to 100,000 dpm/100 cm® found on dock and
in locker room. Cleaned up immediately.

May: Sewer line break at Building 771 resulted in sewage lift
station tank overflow to Building 773 outfall. Low concentration

of radioactive and chemical materials.
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1970 ~ May: Soil samples collected from Building 773 outfall; approx-
imately 100,000 dpm/g. Plumbing modified in September 1970
and 149 drums of soil removed for off-site disposal. (Removal
campleted August 30, 1971.) ‘ '

1971 Scrap drum leakage (June and July) resulted in recorded levels
to 300,000 dpm/100 cm® on about 2,500 square feet of asphalt
north of Building 771. Asphalt removed for off-site disposal.
In September, construction excavation between Buildings 771
and 774 exposed tunnel which contains process waste line and
which at one time was used as an exhaust ventilation duct for
Building 774. The exposéd cracks in the tunnel were sealed.

. PRy
TARIC S I

e B gHE A TS o £ $641 (approximately” 24 dpmi/g) Were: rembved: for AN

off-site disposal in January, 1972.

September: Building 774 dock - unknown source resulted in es-
timated 1évels to 200,000 dpm/100 an®. Thirty-six drums of
soil removed for off-site disposal.

1972 ’Maréﬂ;‘ Approximately 500 galions of plutoﬁium &ésféutaﬁprox-
imately 350,000 dpm/liter) inadvertently released from
Building 774. Pond samples showed only slight increase in
activity. Started removing soil around Building 774 waste
tanks for installation of new inspectable processing tanks.

.- August: - A punctured scrap box and drum resulted- in up to
200,000 dpm/100 cm® on approximately 3,600 feet inside and
approximately 500 square feet outside Building 770. Cleanup
began inmediately, soil and asphalt removed for off-site

disposai.

1973 There were no incidents which were considered to have resulted
in environmental infiltration.
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BUILDING 771 STACK AND PLENUM




LELIGEAL LIL Uk : E)EQEXE;?E

® Map 1A

This map gives an arbitrary indication of possible affected arcas
as a result of operational incidents and accidents in the Buildings 770-771-
774 area. As indicated, low level nitrate and radioactive infiltration is
expected. Soil samples of the area justify this low-level assumption, with
plutonium values ranging from undetectable to 64.9 dpm/g.

It must also be emphasized that the variables inherent in soil
sampling (i.e., particle size, type of soil, physical location, vegetation

cover, etc.) and the state-of-the-art do nct permit wholesale drawing of

§ _ conclusions as to levels, accurate isocurie contours, etc. It is the nature
L et b 6f¥theftééhhof6g§?that*aiﬂhigh@;SampqucOuld.be detected-immedidtely -adjasi = i
| cent to an undetectable one and vice versa. Where such contours have been
derived, by one means or another, they will be incorporated into this report
for reference. Wherever possible, however, actual sample results should be

’ the only judgment criterion and will be so presented herein.

13
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Map 2 (Buildings 701, 776-777, 778, and 779)

" In June 1964, an explosion-within a glovebox in Building 776
resulted in extensive release of plutonium to the interior and some to

the exterior, primarily north of that building.

A fire on May 11, 1969, released plutonium to all of Building 776-
777 and areas of Buildings 771, 778, and 779. The integrity of the buildings
involved, however, remained essentially intact and very little environmental
infiltration can be attributed to the actual fire. Subsequent extinguishing
efforts, and cleanup did, however, provide some contribution (Map 2A).

- - . PR AR ] E AN IR S ST
MU SO NS NI S o SR L PS40 R B P ST
. L I

in this area. The majority of the affected soil has either been removed or
covered with asphalt. As examples, in September 1969, approximately 320 tons
of soil and asphalt (containing an estimated 14 mg Pu) were removed from the
west side of Building 776. An asphalt-covered area of about 10,000 square feef,
north of Building 776-777, has levels of radioactivity of about 700 dpm/g.
When this area was surveyed, no particular 'hot spots' were found but the
material was somewhat deep in places, particularly around a drain in the
dock area. A French drain north of Building 776 may have contributed to
some plutonium infiltration below the surface although no surface expression
has been noted. Radioactive levels of up to 80,000 dpm/100 cm® were noted
in October 1971, north of the Building 776 compressor shed directly under
the gravel and the soil was subsequently removed for disposal.

More recent incidents, such as prbcess waste backing up into a
stool and sink in Building 701 (June 1972) have also contributed some degree
of infiltration to the area in the vicinity of that structure. Also there
has been some minor spillage of carbon tetrachloride into the soil at the
storage tank near the southwest comer of Building 701. No significant
environmental consequences are expected from this spillage.

LR G e R T L s T g R S A AN p 2 S n s g
These two- incidents are primarily responsibl€«for soil infiltration ™
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Building 779 was erected over the site of one of the original
solar evaporation ponds. During excavation (September 1962) levels of
radioactivity ranging from 11 to 75 dpm/g were noted, and later, pools
of water in these excavations had levels to 150 dpm/1. The radioactive
material involved was mostly uranium.

With the exception of the recent tritium incident and minor
involvement in the 1969 fire, only one other major incident of environ-
mental significance has been documented in Building 779. In June of 1969,
an improperly opened waste drum resulted in radioactive material spread
to the first floor, utility room, dock and adjacent grounds, and walkways
east and south of the building, mostly by personnel tracking. Levels up

‘ﬂH%tgﬂ$Q§QQO§§pm/Ioejcmzewererrechded, ‘and a number.of drums=of-50i1 were ;s e I

subsequently removed for off-site disposal.

Thus the entire Buildings 776-777,'778, and 779 areas (including
substructures) must be considered at least partially infiltrated with radio-
active materials primarily on the north side of the complex, the west side
of Building 776, between Buildings 777 and 779, and the courtyard between
Buildings 776-777 and 778.

Some chemical infiltration, notably nitrates, chromate, and
particularly in and near Building 776, possible organics (CCl,), is to be
expected, particularly beneath and north of the buildings.
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RCOF AND OUTSIDE AREAS

S176-777

v Py b

707

: IOS to IO6 cpm
10% to lOscpm
10° to 10%cpm

EXTERIOR AREAS OFl 776 777 AND 778
AFFECTED IN AFTERMATH OF MAY, ‘69
FIRE.

MAP 2A,
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Map 3 (Buildings 559 and 7037)

The Service Laboratory Facility, Building 559, began operation
in March 1968. Original process waste pipelines under the building were
made of PyrexgD glass to combat a persistent corrosion problem. Operations
and natural settling of the building have resulted in several breaks in

this glass line, which are discussed in conjunction with Map 14.

Building 707, the newest production complex, has created no known
environmental infiltration. Before construction, however, a section of the
original process waste line (see Map 14) was removed and some residual ma-
terial might be in residence. - A sampling well (gee Map 20) located near
slightly elevated nitrate levels, but this could be due to a number of
factors. No radioactivity has been detected in these samples, therefore,

no leak or infiltration is assumed.
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Map 4 (Solar Evaporation Ponds)

Since the plant's inception, high-nitrate wastes have been
concentrated (by evaporation) in a series of solar-evaporation ponds and
over a 20-year time span, some loss of integrity occurred. The leaks re-
sulted in some infiltration, primarily chemical, of the soil under and
around these ponds. High winds have also contributed some spread of ma-
terial. A continuous program of cleaning and sealing the ponds has been
necessary. In June of 1971, 30,000 dpm/100 cm® were noted at the high
watemmark on the west side of Pond 207—A; contributed mostly by uranium.
Thus, in addition to nitrates, low level radioactive permeation of the

: Pt ‘. R . t I3 PP ST e e e .-
LR 5 LR R S i Do T I A T YCIE TN A TN © i,
N 2 AR R & SUNUIR S < AR AR RAS, # —ei e v T S il T T R+ RS AL+ &7 O S UV TS S TUI R  T SD v

To minimize the nitrate invasion of North Walnut Creek, catch
trenches have been placed downslope from the solar ponds. These trenches
trap the nitrate-laden runoff which is then pumped back into the solar
ponds. Map 4A details nitrate concentrations (percent of NO; in soil by
weight) as determined by soil sampling (core samples). Again, without

. sampling every square inch of the affected area, these contours must be

considered illustrative only.
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Map 5 (Storage Arems for Radioactive Materials [Excluding 903 Area])

Other than Buildings 771 and 774 and the 903 Area, two sites
have been predomimately used for storage of radioactive scrap for processing
or waste for disposal.

An area east of the solar evaporation ponds is still utilized
for storage of scrap for processing. In January 1969, 29 of these drums
were found to be leaking with resultant levels of up to 200,000 dpm/100 cm?.
About 200 square feet of soil was removed to a depth of 3 to 5 inches in
March 1970 for off-site disposal. The drums were then placed in cargo
containers to protect them from. the weather. Further leakage resulted in

“frrandarearof fapproximately. 1,000 square feet: affécted from-2;3000: toix =" *7 * |

200,000 dpm/100 cm® in May 1971 and the soil was removed for off-site
disposal. On June 21, 1973, a drum containing a nitric acid solution
leaked, affecting an area of about 500 square feet, with levels ranging
from about 2,500 dpm/100 cm® to in excess of the range of the detection
instrument (greater than 2,000,000 dpm/100 an®). Approximately 40 drums

of soil were removed for off-site disposal. A soil sample taken after

cleamup operatlons were completed indicated 24 dpm/g.

The Building 663 storage area, east of Seventh Avenue (opposite
Building 444) and the adjacent storage yard west of Seventh Avenue, have

~ both been affected several times by punctured or leaking waste boxes and

drums. Both uranium and plutonium solid wastes, oils, and coolants have

.- been -involved:- - The..areas have been scraped and the soil-removed, but low. .

level residual plutonium and uranium are present.

Building 663, the storage and shipping facility, has also been
affected due to punctured drums and broken waste lines. Thus a total of

_
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. about 280,000 square feet is possibly involved, tc a varying extent, with
low level infiltration.

- P T S S R AT TR TR L PR TR S P . et . P S . N S DR LT R B TN SR A N ‘o
L T I L i e e b o N N R s R SN EN R S i . e TE{ PR B R s S . St p! LI Ay
i .. B o : _ - . p E ) T ey
I3 ol P bee s .
‘
- e .=




oI

dVIN

SCRAP STORAGE CONTAINER AREA..

ALTHOUGH NOTED LEAKS

HAVE BEEN CLEANED AND INVOLVED

SOILS REMOVED, RESIDUA

RADIOACTIVE AND CHEMICAL INFILTRATION

PROBABLE.

OR SPILLS

L LOW-LEVEL

B

N37500
o /i"——'ﬁ
X —
S35
= —_
L L E23000 XX
) F—x,———q-»x- W
COTTONWOOD— AVENUE e - v
WO A’ = T p g N36000

N Lo pe
T{: ;
— X0 : e
w7 =1 663-668
s o
d« | —===3STORAGE _ |
T X AREAS|;

- | PUNCTURED AND LEAKING WASTE

i X DRUMS AND BOXES INVOLVING

Zir O BOTH SOLID AND LIQUID WASTES,

W *48 E3666 UAND Pu. AREAS CLEANED BUT

u I'o : RESIDUAL INEFETRATION CERTAIN.

. N AREA IS NOW;COVERED WITH
« fNE GRAVEL CAP.}i ABOUT 280,000
- SQUARE FEET INVOLVED.

y 4

. ‘ fnyprven.
CEDAR AVENUE = ~——N35500

Py ET e
SRt TR



.
Y

};w;w4WTm;AﬁeT»areaﬁsouthgqgﬁghg;hqjidingbhave;undgubtedly resulted-in-lquw-Tevel: infil <= 1

°

QLN

Wi LIVIAL Yok UNLY

DRAFT

Map 6 (Buildings 439, 440, and 444-447)

Depleted and enriched uranium and beryllium are the principal
materials of concern to this area.

In 1953, high winds blew the lids off waste drums and uranium
.was released to the dock, driveway, and surrounding grounds. Direct count
as high as 7,500 dpm/100 an?® and smears as high as 350 dpm were reported.
The docks and sidewalks were cleaned up and the driveway areas seal-coated.
A broken process waste line (June 1966) north of the building resulted in
some possible infiltration as did leaking storage drums south of the build-
ing. An open ingot storage area east of Building 444 and a metal storage

tration of the soil, as has a uranium machine tool storage area west of
the building.

In May 1960, a vacuum collector fire in Building 447 resulted
in approximately 44 uCi depleted uranium deposited on the roof of the build-
ing. In December 1962, a uranium/beryllium release from Building 444 (due
to usé of an unfiltered hood) was noted. ” o T

Thus, these areas immediately adjacent to Buildings 439, 440,
and 444-447, as well as the storage areas noted on Map 6, must be consid-
ered radioactively infiltrated to some degree as should the footings and
foundations of these buildings.

~~:<~"Chémiéally,.no Specific incidenté have been noted, but routine - -
generation of nitrafes and chromates would indicate at least the possibility
of these materials being present in soil under and around these buildings.
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Map 7 (Buildings 122, 123, 331, 334, 441, 442, 443, 551, and 554)

Building 122 (Medical Facility), with its extremely low level
waste-liquid generztion, operated with a 55-gallon drum as a waste tank.
Rusting of this drum and subsequent leakage resulted in some low-level
infiltration of soil under the building and the removal of a section of
the floor inside {southeast corner) the building. Significant infiltration
is not suspected amd has not been detected in areas around the building.

Building 123 (Health Physics Laboratories) generates low-lcvel
radioactive liquid waste as well as chemical wastes. Known or suspected
underground waste-1ine leakage has contributed some material to the soil

.~ beneath:ithe, building-- Leakage, however; also appears:-to be .into the-:lines.«

due to high hydrostatic pressure, thus minimizing the potential.

Building 441 was originally a laboratory handling small quan-
tities of radioactive material as well as quantities of various chemicals.
Thus, the soil and piping beneath the building must be considered suspect
in regard to both chemical and radiocactive infiltration.

The Laundry, Building 442, is also potentially affected by both
radioactive and chemical materials, notably depleted uranium and beryllium,
and in 1964 the Laundry was infiltrated by enriched uranium, impregnated
in clothes from Building 883. The soil in the vicinity of this building
has also been affected by instances of radioactivity release. For example,

. ...in.December .1963,.rag-cleaning barrels. stored near. the. building. either. .
‘leaked or spilled. The liquid drained east into the ditch on the northwest

side of the building. Radioactivity was detected as far east as the east
end of Building 551. Cleaning efforts and subsequent runoff has reduced

concentrations in that area to a low level.

Building 443, the Steam Boiler Plant, has had no known radio-
active material involvement. Routine operations do involve chemicals,

- 28 -
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particularly sulfuric acid and sodium hydroxide. The only incident of
note occurred when a quantity of sulfuric acid was spilled to the environs
of the building. The acid drained eastward (on the south side of
Building 442) to a trap dug in the center of the lot which is now used
for Building 444 parking. This soil in the area would undoubtedly be
somewhat acidic, but no adverse effect on the environment has been noted.

A portion of Building 331, the Plant Garage, was at one time
used for a special RED effort involving depleted and enriched uranium.
No incidents or releases were noted during this operation and no environ-
mental residue is expected. Due to the repair and storage of vehicles
there. is possibility of organics such as o0il and gasoline in the soil

rbeheath.the building. 7. . & s oo i enern Relgaflo e sl ke

Building 334, the main Maintenance Shop, was also used for special
work involving the shearing of some depleted uranium. Some thorium has also
been handled in Building 334, again, with no known incident. No environ-
mental encroachment of any material has been detected or is expected as a

result of operations in this building.

The Warehouse, Building 551, and adjacent grounds, have been
areas of concern several times. For example, detectable uranium was dis-
covered on the Warehouse floor in April 1953. Uranium chips and turnings
were discovered in an alumimum scrap pile near the Warehouse in 1963 and
again in 1964. These were removed and the grounds cleaned. In July 1963

-and -again in 1970, Rocky Flats received equipment and drums from off site .’

which contained uranium above the Rocky Flats acceptable level. In 1970
the entire shipment of 55-gallon drums was returned to that vendor. These
and other minor incidents lead to at least suspect areas under and around
Buildings 551 and 554 (where the ''hot' drums were received). A small drum
storage area east of Building 552 is suspect for the same reason.

_
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There have been some minor leaks and spills from drums and storage
containers in the non-radioactive chemical storage area east of Building 551.
While a small area might have becn affected, quantities involved have been
so small that no impact has been noted nor eXpected. This area is used,pri-

marily to store drum quantities of acids, oils, soaps, and solvents.
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Map 8 (Buildings 865, 883, 886, and 889)

Due to the nature of operations in these buildings, soil infil-
tration is expected to some degree under and possibly around tiicse buildings.
Spills involving uranium in Building 886 have occurred, with an inherent
possibility of substructure infiltration. No specific incidents have been
documented in the other buildings (with the exception of a January 1969
incident wherein the roofing was blown off Building 889 with no environ-
mental effect). At one time, however, some equipment from a uranium lab-
oratory was stored outside (just east] of Building' 883 and west of
Building 889. Present practice includes temporary storage of equipment
from uranium areas on a pad north of Building 889 prior to processing.

lrnmirr Therefors) theseswould 4150 be ‘areas of:interest; although no rcidgnthamsieiomimriz:

or infiltration has 'been noted.
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Map 9 (Building 881)

Building 881, originally a production building, was partially
converted to a general support building in 1964. Although few incidents
involving the building have heen ddcumented, it represents an area of
interest, primarily due to the age of the structure (one of the original
plant buildings). Both uranium (east dock February 1960) and plutonium
(laboratory area October 1961 and 1968) incidents have been noted in the

. building and waste lines have been broken with resultant probable infil-

tration. Low levels of plutonium have been detected in the air tunnel and
the cooling tower northeast of the building.

i e TRAAAT tion o blirial s ites™ (seb-map) ;- Some 8k ter {67 ATEAS NdLmirpnrifivi

Building 881 have been involved with radioactive material. An area of

several hundred square feet northwest of the building was involved in

1958 when a concrete slab, removed from the east side of Building 776,

was deposited there. The slab was broken up and removed and the area

cleaned. Conversion activities also resulted in some possible infiltration,

primarily Eo thennortheast'of ?he bu%lding. * o v . ‘
In May 1973, oil (#6 fuel o0il) from an undetermined Source was

discovered on the hillside below Building 881. Prompt action prevented

the spread of the oil into Woman Creek or any holding pond. Leak tests

on the Building 881 fuel tank and lines (the only known possible sources)

did not show any leakage, but to date the o0il continues to emerge through

- the Building 881-footings drain. A concrete skinmmer dam has been built

to trap the oil, which drains in extremely small quantities. The oil-"
soaked straw which was used to trap the material, as well as most of the
soil involved, has been removed.
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Map 10 (Buildings 951 amd 995)

Building 991 and the associated storage vaults (tunnels 996,
997, 998, and 999) are also original plant structures and thus under
suspicion due to age. Incidents involving very small quantities of plu-
tonium, as well as uranium and beryllium, have been noted in Building 991,
and extensive research activities have undoubtedly spread some trace con-
centrations of materials in the vicinity of the building.

~ Although radioactive materials have been continuously stored in
the vault areas, routine surveys have indicated that with the possible
exception of 996, which might be slightly uranium infiltrated, the vaults
~have, remained,. :remarkably -"'cold:. ‘... Any .environmental leakage -has-been in &
rather than out as determined by salt infiltration into the tunnel areas.

Building 995, the Sewage Treatment Facility, has historically
been the recipient of effects from incidents in other areas of the plant.
For example, the overflow incident in Building 701 (June 1972) contributed
elevated levels of radioactive material (plutonium) to the Building 995
effluent and drying beds. In 1972, plumbing changés were initiated to
channel all wastes through Building 995. The increased load thus generated
lead to increasing radioactivity levels in sewage sludges which are shipped
off site for disposal. Surge overflows and incidents involving spillage of
the dried or drying sludge have created an area of concern which extends
from the outlet of the South Walnut Creek diversion culvert to and through

the B-series holding ponds, and surroundlng the treatment area including . .. . .

both 51des of the perimeter road east of Buildi ing 995.

The original process waste outfall (from Building 774) was located
just west of the Building 995 outfall. The line was later rerouted to dis-
charge further upstream. In 1972, the line was routed through Building 990
and then, through the sanitary sewer lines, into Building 995. The aban-
doned line is still in place. The area of the original outfall as well as
the abandoned line are noted on Map 10 as areas of interest.

- 36 -
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‘ Map 10A details soil sample results from a recent survey in the
vicinity of Building 995. These results are only illustrative, as actual
levels vary with flow rates through the creek bed.

The B-series holding ponds are located in this area. Sediment
sample results from all holding ponds taken in 1971 by the Radiobiology
Department of Colorado State University (CSU), are detailed in Map 10B.
The values given are questionable due to the analytical technique employed.
Values shown may be high due to the presence of isotopic uranium or low

due to inadequate sampling technique.

Regardless of the accuracy of the values shown in Map 10B, the

Yoa e zin s Beseries pods Fust beiEsnsidered ‘an: area .of .concern regarding. bothi-chefiicali; Hi.
| and radioactive infiltration. Studies have shown that these ponds have ‘
performed what they were designed to do, pruvide residence time and holding
capacity to allow materials to settle out, and in so doing have become
infiltrated with those materials. It should be noted that the concentra-
‘, tions decrease:throughout the system, which is further indication of the

effectiveness of the ponds.

o}
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- “Incinerator Ash Pits I-1 through I-4 (1952-1968)-- = =~ - - -~ -~ ===
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Trenches T-2 through T-8 (1954-1968)

The trenches were disposal sites for approximately 100,000 kg
of sanitary sewage sludge and about 275 flattened empty drums contaminated
with uranium. Earlier pits involve mostly uranium with an increasing plu-
tonium fraction im later pits. Activity ranges from 800 to 8,000 dpm/g.
T-4 also contains some uranium-plutonium infiltrated asphalt planking
from the 207 ponds. Estimated total alpha radioactivity is between 100
and 150 mCi.

Asphalt Disposal Area (1969)

i

feenat Appreximateély 320, tons of plutonium-infiltrated-asphalt and«soll
(from the Building 776 fire, May 1969) buried under 1 to 2 feet fill dirt.
Less than 1 mCi plutonium is estimated to be dispersed in approximately

250 cubic yards of material with an estimated alpha activity of about

7 dpn/g.

Soil Burial (1972)

R Y T T 3

Approximately 60 cubic yards of plutonium-infiltrated soil from
the Building 774 waste storage-tank area, now covered with about 3 feet of
fill dirt. Estimated activity less than 250 dpm/g (total long-lived alpha).
This soil was placed on top of the asphalt disposal area and covered with
approximately 3 feet of fill dirt. '

-

Estimated 100 grams depleted uranium burned with general combus-
tible waste over 16-year period. Ashes buried in trenches.

W,
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® Map 11 (Burial Sites - Except the 903 Area)

Locations where radioactive materials or chemicals have been
deliberately buried or contained are detailed on Map 11. Detailed descrip-
tions of each burial site, except the 903 Area which is discussed separately,
are as follows:

0il Burning Pit No. 1

Ten drums of o0il containing depleted uranium were burned in
August 1956 and the residue covered with backfill.

-~

oyl 0il'Burhing ‘RitiNoTi2r(19577dnd 1961-1965) v v T ¢ it e b sade o REE i

A total of 1,082 drums of oil containing uranium were burned.
The residues and some flattened drums were covered with backfill.

o Mound Area (1954-1958)

A total of 1,405 druzﬁs ofwoil and solid waste were buried.
Mostly depleted uranium with some enrichied uranium and suspected low-level
plutonium in this area. Complete retrieval and off-site disposal were
achieved in May 1970 with no plutonium detected. A proposal to construct
a new holding pond in this area resulted in sampling the soil in the vicinity
of the excavated mound. Results ranged from 0.8 to 112.5 dpm/g and are
.thought .to be-due-.to--infiltration from the 903 Area rather than to an .- .-

influence from the mound or oil disposal pit (No. 2): " "~~~

Trench T-1 (1954-1962)

Approximately 25,000 kg of depleted uranium chips in 125 drums
were deposited in this trench and covered with about 2 feet of fill dirt.
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Original Sanitary Landfill (1952-1968)

An_ estimated 20 kg depleted uranium ash is buried along with
nommal plant waste, including small quantities of various chemicals. The
20 kg of depleted uranium resulted when 60 kg was inadvertehtly burned
and only 40 kg was recovered. '

01]l Disposal Pit (1958)

Approximately 30 to 50 drums of oil sludge from a storage tank
cleanout were emptied into a pit, which was then backfllled No radio-
activity involved. |

Sanitary Landfill (Started in 1968)

From August 1968 to February 1970, approximately 1,000 kg of
sanitary sewage sludge (800 to 8,000 dpm/g) were buried in the landfill.
(Estimated total of 1 to 1.5 mCi alpha radiocactivity buried with sludge.)
: ‘ : Estimated annual (Dow/contractor) waste is 9,000,000 pounds. Materials
‘ with less than minimum detectable radioactivity levels (500 dpm/60 square
pee pmomene=s U0 Eentimeters direct or 50 dpm/square foot smear) are accepted for burial.
Recent surveys have also disclosed other radioisotopes (e.g., tritium) in
small quantities.

Lithium Destruction Areas (1956-1970)

Approximately 400 6”500 pou.nds of metallic lithium“were destroyed
.= and the residues, primarily non-toxic lithium carbonate, buried. Smaller
_quantltles of other reactive metals (sodium, calcium, and magnesium) and

some solvent type chemical éompounds were also destroyed in this location.
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Scrap Metal Disposal (Approxiyately 1958)

Scrap metal components, mostly from original construction, were
buried in this area. Although no detectable radioactive or chemical mate-
rials were observed, some pieces were recovered from process areas and low

level radioactivity of a small percentage of the scrap is possible.

Cooling Tower Blowdown Retention Ponds

These are small ponds which were used to contain water from cooling

towers. Hexavalent chromium is present. Some small quantity of lithium was

S S e
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Map 12 (903 Storage Area)

Most of this area is now covered with an asphalt pad. It is
the primary source of both on and off-site plutonium. From 1958 through
1967, approximately 5,240 drums of oil containing radiocactivity were
stored in this location. Of these drums, about 3,570 contained plutonium.
The leakage of this material via corroded drums resulted in the concentra-

tions described here.

Of the approximately 85 grams of plutonium originally deposited
at the site, an estimated 68 grams remain dispersed over an area of
98,000 square feet, which was covered with asphalt and fill material in

XIRE

5 ”,';_I\ovember‘ 1969. R RUERE RSP B ,; ;.,1;5‘,7; R Ai,;.z N I N T STt

During the removal of the corroded drums and the subsequent
covering operations, some radioactive material was resuspended and dis-
tributed by wind action to the east of the present pad area. Transport
by runoff of rain and snow melt was also observed. The total quantity
of 23%Pu dispersed in soil other than that covered by the pad 1s estimated
to be less than 16 grams spread over a total area of over 2 ,000 acres.
Inside the Rocky Flats boundary, about 672 acres contain nearly half the
estimated plutonium. The remainder is spread over about 1,400 acres of

public and private property.

In conjunction with the radioactive infiltrations noted in the
...original- survey, .further work-has confirmed additional ‘hot spots!' south .. . ..
of ‘the actual pad area (Map 12A). The values indicated and contoured on
this map were determined by FIDLER survey, and extrapolated from the
detection of radiations emitted from americium. Total plutonium in this
area has been estimated to be 7 grams as determined by a rough mechanical
interpretation of the preliminary data. )

The area has also been extensively used as a chemical destruction
and disposal area. Type and quantities of materials disposed here are
unknown, but considerable quantities of metals such as lithium, calcium, and
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magnesium are known to have been destroyed in the area since 1966. Thus
chemical infiltration of the soil is a certainty, but no envirommental
detriment has been noted.
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Map 13 (Roadways)

Incidents involving radioactive infiltration of roadways have
been noted. In May 1965, a box containing radioactive waste_from
Building 776 was moved to the Storage Area near Building 663. Intermittent
leakage from that box affected a strip of asphalt about 18 inches wide
which was removed from the roadway. The box was stored on plastic sheeting
(at Seventh and Central) until removal could be effected. No known infil-
tration resulted from that storage. In June 1968, a leaking drum in tran-
sit from the 903 Area to Building 774 resulted in approximately 140,000 dpm/
100 an® on the west bound lane of Central Avenue to and along Sixth Avenue.
The entire affected roadway was seal-coated. Some low-level material was

) Zniin e Spread “tolthe .ditch on” the-westside ‘of: Centralr Avenue:: -In August 1970, = i

one section of the roadway between Eighth and Tenth Streets was removed
and placed in the previously described asphalt dump.
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Map 14 (Process Waste Lines)

Map 14 details the process waste system at Rocky Flats, tankage,
and possible major materials present in those tanks.

In an effort to reduce corrosion, original process waste lines
had a saran-lined inner pipe enclosed in a protective clay tile pipe. This
saran lining was very susceptible to leakage. Leaks were noted in 1952 and
by 1956 most of the original pipe had been replaced with stainless steel.
To date, all but about 600 feet of this line has been replaced. The re-
maining section was thoroughly tested in 1971 and was not leaking.

asnii AR exbadstive leaks test~survey wa's ;conducted:in. ¥97L-by san-of £~ -«
site contractor. This leak test was conducted under pressure and disclosed
several minor leaks, mostly in low-pressure (essentially gravity-flow) lines.
Repairs were started immediately. Attempts were made to repair the higher
pressure leaks in place. When these attempts failed, an alternate line
was installed. The low leak-rate detected around joints in the gravity

. flow line is to be expected since this type line is not designed to operate
under pressure. Lines have been observed under operational pressures and
no leakage observed.

With the exception of Building 559 and between Buildings 776 and
774 as noted below, no radioactive infiltration has been detected outside
the lines even in the vicinity of the leaks, but some chemical infiltration,

~-particularly nitrate-solutions; is probable.. These areas are. noted as.,

"areas of ‘concern" ‘on Map 14A primarily in the interests-of conservatism.
As pipelines have been replaced, soils and liquids have been monitored
and, with the noted exceptions, have not resulted in detectable concentra-
tions. However, extremely low-level radioactive and chemical infiltration
must be presumed.

Process waste lines between Buildings 776-777, 779, and 774 and
between Buildings 771 and 774 have broken and leaked several times. Valve
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. leakage has occurred in the valve pit near waste storage tank 207. Although
noted incidents'in this area have resulted in clean up (soil removal),m'
residual infiltration is a surety. Thus the entire area from Buildings 776-
777 and 779 Complex to Building 774 should be considered an area of concern
as shown on Map 14B.

Building 559, a Service Laboratory Facility commissioned in 1968,
was originally built with Pyrex “~ glass waste lines. Less than one year
later, a break was discovered in the line from the building to the pump
house. Several hundred square feet of infiltrated soil was removed as
radioactive waste as a result of the leakage. This same type of line is
buried beneath Building 559. 1In 1972, the south half of this two section

o kineiwaszdiscovered fo ‘be “Teaking. - APV pipe’ bypass .was "installed. v 15 %
Vertical core sections taken under the building confirm some infiltration
directly under the pipeline (approximately 250 dpm/g). Core samples
taken outside the building, however, did not detect measurable quantities,

Q indicating that any infiltration is contained beneath ‘the building proper.

aoit e 1.5

w'..
o

The remalnlng waste 11nes in Bu11d1ng 559 were statlc 1eak tested

followmD the bypass 1nstallat10n " Current plans call for yearly static-
test to prevent recurrence.

~ Abandoned process waste lines under Building 707 (removed),
under the new Filter Plenum for Building 779 (removed), and at the original
outfall near Building 990 (still in place) as well as smaller sections
--elsewhere- (i+e.y west of -Building 771)-should be noted.. - Although not con--
sidered ‘as sources for further contributions; some soil has been infiltrated
in the immediate vicinity of the lines or original locations.

VTS T YEIRT vl PR p—
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Map 15 (Other Areas)

In addition to the noted areas, some potential for minor chemical
infiltration exists in the vicinity of various storage and holding tanks
(Map 15). This potential is, in most cases, extremely slight, particularly
in those locations where tanks are diked. In the past, before diking was
installed, minor spills have occurred and have been discussed in conjunction

with the sectional maps.

Map 15A shows the approximate location where empty bottles of
nickel carbonyl were buried after the nickel carbonyl was destroyed. The
gas was destroyed by burning (during the 1957 fire in Building 771 or

1y seoowhensready-<for:discard).. .Explosive: charges:were: usedto destructivelys . imai sl
B X R om0 A Sk e b BT A B S R L . et LG v pw (e

he wbia acig G

vent the cylinders and ignite any residual gas. No known infiltration
or affective residues were generated during these operations or as a
result of the burials.




1

PORTABLE NITRIC ACID | -
PROCESS-SUPPLY TANKS ™ W

CAUSTIC;- SUPPLY TANK
(Sodium Hydroxide)
6,500 gal., inspectable, diked

12-normal HNO, —
1--500gal.,, 1-1,000 gal,
inspectable, .

71 i

CAUSTIC SUPPLY TANK

{6-Normal Potassium Hydroxide)

5,400 gal., inspectable, diked,

CARBON TETRACHLORIDj ;
SUPPLY TANK

5,000 gal., partlally:_‘mspectable. ’

¥ No. 2 Fuel Oil Tanks?®
(MOSTLY BURIED (Umnspectable) TANKS)
Building Cap. (Gal)
991 5000
865 2000
+N-38500+— 883 500
881 1300
831A 750
779 500 i
776-(2) 1000 (Ea.)
i 7 2000 ;
i - 707 4000
559 1034
f 443 1500
g 33 6000 ¢ -
4 No. 8 Fuel Oil Tanks* ;
L N- 37500'__ Building No, Tanks  Cap. Each (G
! 881 3 18,000, ..
: 771 3 14,000 ;
443 4 18,000
O Gasoline Tanks® .-
M 1 560. |
T 33 1 10,000 °
*For Simplicity, Locations of These Tanks
Are Graphlc Not Precise.
"N-36500+——f——

T

-1-3000 gal.
Hydroxide)

Each tank normally half full. Inspectable,
common retention pit beneath,

BUILDING 443
{Central Heating Plant)
1 — 3000 gal. Acid Tank (Sulfuric)
Caustic Tank (Sodium

HYDROFLUORIC ACID
SUPPLY/STORAGE

2 — 1,200 pound tanks,
inspectable.

SOLVENT STORAGE BUILDING
{Building 553)

| As of October 1973, contents = 30 drums |!

[ of Alk Tn Solvent,

: |
czxcrus-l

NITRIC ACID STORAGE

3450

R CENTRAL

Jvsz-:Nusmmf‘f- "

WAREHOUSE
_| YARD.

CHEMICAL
ACIDS, OILS, SOAPS, ETC.
STORED IN DRUM QUANTITIES.
Maximum of 3 — 1200 pound HF Tanks,
Large Quantity of Hydrogen Peroxide

STORAGE

2 - 10,000 gal. tanks, .inspectable, diked.
Acid trucked to user locations.

|

'Sl dVIN

'E-18000 £-19000

{in Drums).
1 /
MAIN FUEL-OIL STORAGE TANKS et
11,900,000 gal. and 1~ 800,000. gal
inspectable, diked. L
~ E-20000 E-22000 E-23000

£-21000
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III. ‘"'CONTAMINATED"

The word ''contaminated'' has become common to the vocabulary of
groups and individuals involved or interested in environmental sciences
and affairs. This is particularly true with regard to nuclear energy;
however, there is no realistic or practical definition of 'contaminated."
Webster's New Collegiate Dictionary (copyrighted 1969) defines 'contaminate"

as:

"l. To soil, stain, or infect by contact or association.
2. To make unfit for use by introduction of unwholesome

or undesirable elements."

. .“\,;';. r _,__,,;‘. v e -,-;,,._-._...‘:L,, H“ At \.,., 1_.4 p\.;;n.'.., P ,._..f.;» e 4-‘4<\A‘: -‘-(n'.-.‘.u T ‘-m.--i"""«'f \"M A 3, 'uc_ EICED
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U S. Department of Health, Educatlon and welfare Radloloolcal Health

Handtoolk (revised edition January 1970) defines 'radioactive contamination'

as:

"Deposition of radioactive material in any place where it
is not desired, particularly where its presence may be
harmful. The harm may be in vitiating'an experiment or a
procedure or in actually being a source of danger to

personnel."

A more appropriate definition would be to relate contamination
levels to the intended use or application of the material, area, etc.
_Earlier editions of Webster's New Collegiate .Dictionary. (copyrighted.1961)...

¥ ot o P

made an attempt:in-this direction defining ''contaminate' as follows:

"l. To soil, stain, or corrupt by contact; to pollute.
2. To render (water otherwise satisfactory) unfit for a
specified use, as by the introduction of bacteria, sewage,

etc."
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It is obvious that even this definition is inadequate and it
becomes understandable why most people use ''‘contaminated'" in an apprechen-
sive manner anmd to achieve or express a state of concern.

Our society has established and accepted a system which makes it
possible to live with ''contaminated.' The system consists of groups of
recognized experts who examine factual and theoretical data to establish
and recommend concentration limits or guide values which are not expected
to result in irreparable damage or insult to man or his enviromment. These
groups of experts have been assigned names such as International Commission
on Radiological Protection (ICRP), National Council on Radiation Protection
(NCRP), Federal Radiation Council (FRC), Council on Envirommental Quality,

“and ‘others:" »Tt"is truevthat the concentration -limits or-guide*Valugs rec= %1 m «

omnended by these groups are challenge& by other individuals and groups
but the system and concentration philosophy are generally accepted.

The U. S. Atomic Energy Cormission has incorporated recommendations
of these groups into AEC Manual Chapters 0510, ‘'Prevention, Control, and

~ Abatement of Air and Water Pollution,' and 0524, ''Standards for Radiation

Prbtecfion.h Concentration values have been recomended and acéepted for
air and water. However, due to wide variations in many factors related to
resuspension and other physical and chemical properties, no recommendations
or concentration values exist for soil.

‘The fact that recommendations or values do not exist for soil

-.does--not -mean-that- no.-efforts..have been made .to .establish wvalues..or..that... . _....._..

values have not been ‘established and actually used for spe¢ifi¢ circum-
stances. One of the most widely accepted and recent (1968) discussions

of radioactivity concentration guides for plutonium in soil was presented

by R. L. Kathren; Battelle Northwest, Richland, Washington, entitled 'Towards
Interim Acceptable Surface Contamination Levels for Environmental Puo,,"
BNWL-SA-1510, which is attached as Appendix A. Los Alamos Scientific
Laboratory has been commissioned by the Division of Operational Safety of
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the U. S. Atomic Energy Cammission to provide an interim or provisional
standard for plutonium in soil. J. W. Healy is presently preparing a
report entitled A Proposed Interim Standard for Plutonium in Soils."

A review of the draft and discussions with Mr. Healy indicate no signif-
icant differences or variations from the information and conclusions
presented by Mr. Kathren.

Since man does not consume soil, the hazard to man from ''con-
taminated" soil must come from resuspension of the material into the air
which man inhales, transfer of the material into water which man drinks,
uptake of the material by plants or animals which man eats, absorption of
the material through man's skin, or introduction through the broken skin

radicactive materials which emit beta particles, x-rays, or gamma rays
which penetrate man's skin in excess of the amounts set forth in AEC Manual
Chapter 0524; howeﬁer, with the exception of radiographic sources, these
types of radioactive materials are not handled at Rocky Flats.

With the preceding paragraph in mind, it is p0551b1e to recommend

a deflnltlon of “contaminated' soil in terms of TlSk or hazard as related

to air and water concentration values. It must be stressed that the fol-

lowing recommended definition is not an attempt to imply that areas of
potential concern do not exist on the Rocky Flats Plant site but is one
which has been used and should continue in use until such time that one
of the official groups of experts recommends concentration values for soil
and the U. .S.. Atomic.Energy Commission 1ncorporates the recommendations
into the AEC Manual. : -

Contaminated soil will be deemed to exist whenever monitoring
of air or water indicates concentration values in excess of
the values set forth in the AEC Manual.

For those materials which are not included in the AEC Manual,
the values set forth by other officially recognized agencies
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will be used. When two or more concentration values for the
same material are specified by different agencies, the most
restrictive value will apply.

Note

By specifying monitoring of air or water this definition
excludes the plutonium in soil concentration value of
2.0 disintégrations per minute per gram of dry soil or
square centimeter of surface area which was adopted by
the Colorado State Board of Health on March 21, 1973, as
the level above which utilization of special techniques
- of construction are required. : | - v occl o L ea L

This definition is generally accepted and used for most materials
and will be used in the preparation of recommendations regarding actions,
cost estimates, and schedules related to chemical '‘contamination.' However,
it is recognized that consideration must also be given to possible decom-
missioning of the plant and social, political, psychological, or other
factors when'dealing with the subject of radioactive "contamination" in
soil. Therefore, the recamnendations will also include consideration of
the following ranges of plutonium in soil: |
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. Greater Than
Case uCi/m? - mCi/km? d/m/100 cm? d/m/g*
I Not limited by concentration considerations.

A. 903 and nearby area

B. Projections of area affected by 903 Area (Based on
Computer Derived Contours) '

C. Burial Sites

IT - 0.01 10 220 2
III 0.04 40 880 9
v 0.10 100 2,200 . 22
VI 2.0 2,000 44,000 440
VII .0 . 4,000 88,000 880
Q . *Assumes a soil denéity of 1 gram pef cublc centimeter and a soil sample

depth of 1 centimeter.

Note

Cases II through VII are based on projections of actual sample
results using the Austin Grid.

A detailed discussion of each of the above cases is as follows:
Case I - Not limited by concentration considerations
A. 903 and Nearby Area (Maps 12 and 12A)

Q The 146,000 square feet under the asphalt pad and approx-
| imately 223,000 square feet of nearby area primzarily east

- 64 -
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" ' that excavation of the lithium destruction area and

. .. Computer. Derived Contours) .. ...

of the asphalt pad require special consideration.
Tem inches of fill dirt was applied to the 903 Area
prior to installation of the asphalt pad and the
nearby area was later covered with 4 inches of fill
dirt. There are also small areas under the asphalt
pad where contaimment operatibns prior to covering
the area with fill dirt involved covering the area
with as much as 16 inches of dirt. It is assumed
that evcavation of this 369,000 square foot area
would not involve the asphalt pad but would involve
all of the fill dirt as well as the original soil.

involves approximately 120,000 square feet but there
is no fill dirt in this area. This area does include
the iithium destruction areas which if excavation .
were carried out should be included in the operation.

Based on these facts and assumptions, it is estimated

the entire remaining area to a depth of 3 inches below
the original surface would involve a total of
500,000 cubic feet.

Projections of Area Affected by 903 Area (Based on

[T A B RYTrE T

Computer derived contours of plutonium contributions
from the 903 Area are presented in Map 16. (Units are
AEC prescribed uCi/m2.) These contours are based on
the evaluation of over 300 soil samplé analyses as of
April 1972, assuming a soil density of 1 gram per
cubic centimeter. This assumption plus the combining
of analytical values from a variety of agencies and

+.The nearby:area to -the southeast of the asphalt pad: &% "~ '
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individuals and the error of assuming large area involvement
based on diverse sample results, limits the applicability of
these contours to an illustrative, generalized area only.

A more realistic evaluation of the nature of the material
spread can be obtained by observing actual sample locations
and results (Maps 16A and 16B).

The projections are based on the units employed in generating
the isopleths (i.e., 0.01, 0.05, 0.50, and greater than

2.0 uCi/m?) and assuming excavation to 3 inches below the
original surface plus consideration of the special condi-
tions discussed concerning the 903 and nearby area.

1. Total excavation, estimated total area = 182 x 10° square
feet ( 4,197 acres), volume = 46 x 10° cubic feet.
(Case I, Map I)

2. Excavation of all soil greater than 0.01 uCi/m?.
Approximate Area = 84.9 x 10° square feet, volume
21.5 x 10° cubic feet. (Case I, Map II)

3. Excavation of all soil greater than 0.05 uCi/m?,
Approximate Area = 33.2 x 10° square feet, volume
8.7 x 10° cubic feet. (Case I, Map III)

4. Excavation. of.all soil greater than 0,5 uCi/m®, .~ . — ... .

- Approximate Area = 14.5 x 10° square feet, volume = "
4.0 x 10° cubic feet. (Case I, Map IV)

5. " Excavation of all soil greater than 2 uCi/m?, Approx-
jmate Area = 3.1 x 10°® square feet, Approximate
volume = 1.2 x 10° cubic feet. (Case I, Map V)




37

AR U AL IREY P N AR R Ak ot a gt I B

O3S

GREAT
WESTERN
RESERVOIR

s COLO.

0.01-0.005

0.02-0.01

: !\;OWER /

3STREET

INDIANA

e

E20

RRied

e

COMPUTER DERIV.ED- PLUTONIUM 1SOPLETHS (MICROCURIES/SQUARE 'WETER) BASED ON
EVALUATION OF OVER 300 SOIL SAMPLES, ASSUMING A SOIL DENSITY OF 1 GRAM /CC AND
COMPATABILITY OF SAMPUES FROM VARIOUS AGENCIES ;




T AN SR T Y IR BT

&/ WPy prow
2W/0W=SINTVA JIONIS

1390

BYHE
. SS300Hd NISIWNVS @ .
1430 SUSAHY HLTVIH SIVIA AXO0I O o~ ¢

24-6961 'INVId SIVId ANOOH 40 - .
ALINIDIA NI S3AVS TH0S 30 SLINS3Y TYILLATVNY "

g T ! >

i - "

it

I

T .
ey N
' Y

AT
9 n&%d;.ﬁw@

B -

2 e Freews

L
°
(o9

»



‘ No real evaluation of the potential impact of the 903 Arca
is possible without reference to possible health and safcty
involvement of the material. Although no standards for
plutonium in soil currently exist, consideruble work has
been done in this area. Map 17 details computer-derived
plutonium in soil contours based on interim acceptable
levels proposed by R. L. Kathren in 1968 (sec Appendix A).
These contours are presented for reference only and are
subject to the same limitations previously discussed. They
do, however, point out one approach to evaluation of the

possible risk which this area represents.

CUERZDNeREi.msr o Astadfurther indication:gf -thé problems- invGlved with! v s,
identifying an area as ''contaminated', Map 18 indicates
some of the values for plutonium in soil found throughout

the State of Colorado. Once again the problem of comparing

results obtained by different agencies using different

R

| - IR S T TP
| . campling fechniqlies and analytical methods confuses the
actual picture.

FAVCYETLN BTN, DTN T BIBLAAIILT T L GBS LGV LS Y PO n TR BT SO TEORR T RS E LA AT TP SN L L Sertonn Y BT alSURTTNL A S LT B AT MM AN ST O TR D T

C. Burial Sites (Case I, Map VI)

Excavation of locations, other than the 903 Area, where
materials have been intentionally buried, contained, or

where release of liquid effluents which contained radio-

carmir i e e e e ee@CtIVALYLIN.CONcentrations less.than the established. guide oo » oo
S i e = eyglue but- résulted inthe radioacdtivity accumulating in vt R ®

the soil would involve the following estimated volunes:
1. 0il Burning Pit #1

This area is now located under Building 335 and involves

approximately 70 cubic feet of depleted uranium residue.

70
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No real evaluation of the potential‘impact of the 903 Area
is possible without reference to possible health and safety-

. involvement of the material. Although no standards for

plutonium in soil currently exist, considerable work has

“been done in this area. Map 17 details computer-derived

plutonium in soil contours based on interim acceptable
levels proposed by R. L. Kathren in 1968 (see Appendix A).
These ;ontours are presented for reference only and are
subject to the same limitations previously discussed. They
do, however, point out one approach to evaluation of the
possible risk which this area represents.

'faﬁsiaifUrthér’indication of ‘the probléems ‘involved with..&«= . - ., =7,

identifying an area as ''contaminated', Map 18 indicates
some of the values for plutonium in soil found throughout
the State of Colorado. Once again the problem of comparing
results obtained by different agencies u51ng dlfferent

Eb,fe“mpllng techniques and analytical methods confuses the

RTia TS R

actual picture.
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Burial Sites (Case I, Map VI)

Excavation of locations, other than the 903 Area, where
materials have been intentionally buried, contained, or
where release of liquid effluents which contained radio-

..activity.in concentrations less than-the.established guide .

- value but resulted in the radiocactivity accumulating in -

the soil would involve the following estimated volumes:

‘1. " 0il Burning Pit #1

This area is now located under Building 335 and involves
approximately 70 cubic feet of depleted uranium residue.
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o 2. 0il Burning Pit #2

This area involves approximately 10,000 cubic feet of
residue which resulted from the burning of oil contain-
ing uranium.

3, Trench T-1

The estimated dimensions of this trench are 15' wide x
200' long x 5' deep. The trench contains approximately
25,000 kg of depleted uranium chips in drums covered
with about two feet of fill dirt. Assuming that the

A R TR T TP ubtop€oné foot of £ill dirt iévnotwinvolved} éxcavation: " -
would result in 12,000 cubic feet of depleted uranium
residue.

’ 4. Trenches T-2 through T-8

Estimated dimensions of these trenches are the same as
T-1 (15'x200'x5'). Excavation of these trenches would
~ result in approximately 84,000 cubic feet consisting.
primarily of domestic sewage sludge containing small
quantities of uranium and trace amounts of plutonium,
a few flattened drums involving uranium, and some asphalt
planking from the 207 ponds which contains uranium and
TUomlmom oo - oo --a-trace amount of plutonlum S e s mamoe e

5. Asbhalt and Soil Disposal Area

‘This area contains about 8,000 cubic feet of asphalt
and 1,600 cublc feet of soil primarily from the areas
near Bu11d1ngs 774 and 776. There is about two feet
of £ill dirt between the asphalt and soil and it is

74
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estimated that excavation would involve a total of
about 15,000 cubic feet of material with a very low
concentration of plutonium.

Incinerator Ash Pits I-1 through I-4

Estimated dimensions of these pits are 8' wide x

150' long x 3' deep. The pits contain the ashes from
the incinerator. A small amount of depleted uranium
is suspected. Excavation would involve approximately
30,000 cubic feet of soil and ashes. '

. Original Sanitary Landfill . -iwee: i ve D0

Estimated volume of this area is 2 x 10% cubic feet.
Excavation would involve this entire volume and about
20 kg of depleted uranium.

Current Sanitary Land£ill .

Estimated present volume of this area is 4 x 10° cubic
feet. The area is still in use and the volume is,
therefore, increasing each day. Excavation would include
approximately 1,000 kg of domestic sewage sludge contain-
ing trace amounts of plutonium and a small amount of

- - tritium from a source which at the present is unknown '

but is the subject of a separate study.

9, South.walnut Creek

The area from the original Building 774 outfall east to
and including the B series holding ponds has become
involved due to the release of liquid effluents from
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Buildings 774 and 995. At the time of releasé,
these effluents were below the established con-
centration guide values, however, the radioactivity
has accumilated in the stream bed and bottoms of
the ponds. Excavation would involve an estimated
225,000 cubic feet of sludge containing plutonium
and uranium.

Other Areas

As previously discussed, excavation of the lithium
destruction areas is included in the 903 Area.

. Excavation of other nonradioactively involved .aréas

such as the oil sludge disposal south of Building 881
and nonradioactive scrap west of Building 559 would
result in an estimated 2,000 cubic feet of material.

‘ ’ _ A sumary of the volume of material involved in Case I is
1 ‘ » presented as Table III.




MELAWASem o = T - Ul\‘:hk .

o TABLE III
Sumpary of Volume to be Excavated - Case I

Estimated Total
Area " 'Cubic Feet Involved

A. 903 and Nearby Area 500,000

~#B. Projections of Areas Affected by
903 Area, Computer Derived Contours

1. Total Excavation  46.0 x 108
2. Greater Than 0.01 uCi/m? ' 21.5 x 1068
.. 3. Oreater than 0.05 uCi/m* . . ... 8.71x10%
o 4. Greater than 0.5 uCi/m® ~ .. 4.0% 10°

S. Greater than 2.0 uCi/m? 1.2 x 10°

*Includes allowance for special conditions included in (A).

14

C. Burial Sites
I OMT Buming Pit 41 U e g
2. 0il Burning Pit #2 10,000
3. Trench T-1 12,000
4. Trenches T-2 through T-8 - 84,000
| S. Asphalt and Soil Disposal Area 15,000
| 6. Incinerator Ash Pits 30,000
E 7. Original Sanitary Lamdfill ., ., = .. . .  .2x10°
8. Current Sanitary landfill - -~ - 4 x10°
9. South Walnut Creek ~ _ 225,000
10. Other Areas 2,000

Estimated Total Burial Sites Not Including 6.4 x 10°
Q. |
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The | folldwing- maps

“asavlile UOL UL IS\ VAN |

Cases II through VII are based on results-of soil samples taken
at various locations and for various reasons on the plant site,
primarily within the controlled arca. These results have been
plotted on a grid system which was established by the Austin Com-
pany during the original construction of the Rocky Flats Plant.
Map 19 presents these results plotted on the Austin Grid System.
It must be stressed that in the interest of conservatism the
values presented are the maximm level observed within that
grid or at a particular sample point. Actual values range

from less than the minimum detectable amount to the value pre-
sented with as many as six samples in some locations and as

few as one sample in others.

- »: . [ . . - . . . . . . g e
u I T O S Vi a S% :

ths'ql‘able IV présien'lc' the estimated volume
and area involved for each case. Allowances have been made to
exclude space occupied by buildings, to reflect uncertainities
by not excluding entire grids where low results seem questionable,
and for the special conditions and considerations discussed in
Case I-A. '
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) | IABLE I

Estimated Volume to Be Excavated - Cases II through VII
Assuming Removal to Three Inches Below Original Surface

Estimated Allowance Estimated Total
Estimated Cubic Feet For Case I-A Cubic Feet
Case Square Feet =~ Involved Cubic Feet Involved
II 16.0 x 10® 4,0 x 10° 0.5 x 10° 4.5 x 108
(2 dpm/g)
III 7.4 x 10° 1.8 x 10° 0.5 x 10° 2.3 x 10°
(9 dpm/g)
- e\ . 5.9.x 10°  1.5x10°  0.5x10° 2.0x10°
T (22 dp‘m/g) : . R T | - ) - oot
v 2.6 x 10° 0.6 x 10° 0.5 x 10° 1.1 x 10°
(88 dpm/g) -
VI 1.2 x 10° 0.3 x 10° 0.4 x 10° 0.7 x 10°
' (440 dpm/g) _—
VII 0.75 x 10° 0.19 x 10° 0.4 x 10° 0.59 x 10°
(880 dpm/g) : e

qa
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o IV. CONCLUSIONS AND RECOMMENDATIONS

Lacking an official definition of '‘contaminated" makes it
impossible to reach sound, logical conclusions or to make recommendations
supported by data or policies in usual sense of these words. However,
it is possible and necessary to recognize that areas of concern in terms
of both radioactive and chemical infiltration do exist at Rocky Flats,
if not in terms of risk or hazard at least in terms of political, social,
or psychological factors. The following is, therefore, presented for
consideration by management in the prudent planning of future operations
of the Rocky Flats Plant: '

CUERYT a1 Y Conelusion oo s - - SEoTuTLLLT ROy

There is no data to indicate that any material, either radioactive
or chemical, in its present location and status which represents

, any risk or hazard to man or the environment.
Discussion

Air and water sample results have at various times indicated the
presence of radioactive materials and chemicals but have historically
been below the concentration guide values set forth in the.AEC Manual.

The 903 Area is recognized as having the greatest potential for
oo o - exceeding 'the guide values and has been under continual surveillance
since 1958 by Rocky Flats Health Physics. During recent years, the
State of Colorado, Department of Health, and the U. S. Atomic Energy
Commission Health and Safety Laboratory have conducted independent
surveillance activities primarily in sampling the air near the area.
None of the air samples taken outside of the immediate area of the
asphalt pad have exceeded the concentration guide values. Wells
located at each corner of the asphalt pad have never indicated the
. presence of any ground water.

- 92 -
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Sampling of air at other locations both on and off the plant site
has produced similar results.

Map 20 indicates the location of wells particularly near process
waste holding tanks. The wells are routinely sampled and analyzed
for both radioactive materials and chemicals such as plutonium,
uranium plus plutonium, nitrates, and pH. With the exception of
nitrate concentrations in the vicinity of the 207 solar evaporation
ponds, all materials monitored have historically been below the
concentration guide values. Installation and operation of the
trenches north of the 207 ponds plus the previously discussed
repair of these ponds have controlled the nitrate concentration

:of “surface water to:within the concentration guide values.= --: .

e

Completion of the new Process Waste Treatment Facility, Building 374,
will eliminate the need to use the 207 solar evaporation ponds to
contain and evaporate solutions containing large amounts of nitrates
and thereby reduce this source of concern starting in 1976.

Conclusion

The'technology required for proper controlled excavation of any area
is unknown.

Discussion

Should excavation of any of the areas discussed be undertaken it
would be necessary to provide for the control of airborne materials
and to assure that a technique was used which accomplished actual
and complete removal, not merel} mixing or dilution of the material
to less than present minimum detectable amounts or which spread the
material to the newly exposed virgin surface. The efficiency or
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degrce of effectiveness required of such provisions and techniques
would obviously depend upon a decision as to what level of infil-
tration remaining would be acceptable.

There have been a mumber of techniques suggested such as separation

“on the basis of density, washing, or vacuuming, but no data is

available to even suggest let alone confirm how efficient these
techniques may be.

Conclusion

Without a known excavation technique or process it is not possible
does have an established and accepted method of determining the cost
of disposing of solid radioactive wastes but capital equipment costs
are not included.

Discussion

Other sites such as Hanford and the National Reactor Testing Station
(NRTS) have estimated capital costs involved in the proposed exca-

vation of locations such as the Z-9 trench at Hanford or the location

where until November 1970 Rocky Flats wastes were buried at NRTS..
These estimates, $1 million at Hanford and about $10 million at NRTS,

R

%

to'estimatétcapital equipment costs of any ekcavation.” 'Rocky Flats ™ -

are for conditions much different than those areas under consideration

- in-this -discussion but they may serve to define the limits of the

question.

AEC Manual Chapter 0511, '"Radioactive Waste Management,' requires
that materials known or suspected to contain transuranium nuclides,
such as plutonium, in excess of 10 nCi/g (22,000 dpm/g) must be
packaged for retrievable storage. It is reasonable to assume that
all of the excavation material invol?ed in this discussion would

AF

S

3
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’ ' contain less than 10 nCi 'of plutonium per gram of soil and could, .
therefore, be packaged for not readily retrievable storage in the
same manner that Rocky Flats now packages non-plutonium wastes,
nitrate salts, and domestic sewage sludge for shipment to NRITS.

The costs to purchase the packaging materials, warehousing, truck-
ing on-site, monitoring, inspecting, loading for off-site shipment,
and freight to NRTS for these types of waste now amount to $6.08/
cubic foot in a 55-gallon drum and $2.90/cubic foot in a 4'x4'x7! -
3/4" plywood box. Due to weight restrictions, it is most likely
that it would be necessary to reduce the dimensions of the box to
4'x2'x7! which would result in a cost of $5.80/cubic foot., Rounding
, both of these figures to $6.00/cubic foot and using the estimated
~ @i w0 yolumes - from Tables III and IV, estimated disposa}_cd;ts for each -
case under discussion not including capital equipment would be as

folloys:

. - 96 -
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Estimated Cost of Disposal

0.59 x 10°

Estimated Total Not Including Capital
Case Cubic Feet Involved " Equipment (Dollars)
I-A 0.5 x 10° 3 x 10°
‘B-1 46,0 x 10° 276 x 10°
B-2 21,5 x 10° 129 x 10°
B-3 8.7 x 10° 52.2 x 10°
B-4 4.0 x 10° 24 x 10°
B-5 1.2 x 10° 7.2 x 10°
c-1 70 © 420
C-2 10,000 60,000
c-3 12,000 72,000
- C-4 . 84,000 504,000 .
c-5 15,000 " 90,000
C-6 30,000 180,000
c-7 2.0 x 10° 12 x 108
Cc-8 4.0 x 10° 24 x 108
c-9 225,000 1.35 x 10°
C-10 2,000 12,000
C-Total . ... 6.4 x 10° 38.4 x 10°
4.5 x 10° 27 x 10°
2.3 x 10° 13.8 x 10°
2.0 x 10° 12 x 108
' 1.1 x 10° 6.6 x 10°
0.7 x 10° 4.2 x 10°

3.54 x 10°
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Conclusion

Again, without a known excavation technique or process, it is not
possible to accurately estimate the rate at which any excavation
of any location can be accomplished. However, there are other known
factors and estimates which can be used to define some of the limits.

Discussion
Hanford's estimate of the excavation rate for the Z-9 trench is’

7.7 cubic feet per shift. Without further elaboration it can be
seen that in no way could this rate reasonably satisfy the need

-should the decision be made to excavate any of the Areas” included

in this discussion.

A factor which is more likely to be limiting and for which there is
experience to use as a measure is Rocky Flats ability to load and

ship wastes and the ability of NRTS to receive and handle them.
Current genération rates at Rocky Flats have required an average

of 12 Shipments per month for the last six months. These ‘shipments
have averaged 1,400 cubic feet per shipment. During the last six
months of 1972, Rocky Flats and NRTS demonstrated the ability to
handle an average of 22 shipments per month. These shipments aver-
aged about 1,200 cubic feet per shipment. Assuming that the shipping
rate for any excavation would bg in addition to the current generation

...and would. average 10 shipments per month and 1,200 cubic feet per
- shipment (12,000 cubic feet per month or 144,000 cubic feet per year)

and using the estimated volumes from Tables III and IV estimated
time to excavate and ship, each case under discussion would be as
follows:




m,_r,wm.. VUL vive HArinLAN K

. _ ) Estimated Time
Estimated Total Required to Excavate

Case CQubic Feet Involved “"And Ship to NRTS (Years)
I-A 0.5 x 10° 3.5
B-1  46.0x 105 - 319.4
B-2 21.5 x 10° 149.3
B-3 8.7 x 10° 60.4
B-4 4.0 x 10° 27.8
B-5 1.2 x 10° 8.3

c-1 70
C-2 10,000 0.1
c-3 4 12,000 0.1
c-4 .. 84,000 - ... 0.6
C-5 15,000 - 0.1
C-6 30,000 0.2
c-7 2.0 x 10° ' 13.9
C-8 4.0 x 10° 27.8
Q C-9 : 225,000 1.6
' c-10 2,000

C-Total - 6.4 x 10% - ' : - 44.4
II 4.5 x 10° 31.2
III 2.3 x 10° 16.0
v 2,0 x 10° 13.9
' 1.1 x 10° , 7.6
VI 0.7 x 10° 4.9

VII - 0.59 x 10° | 4.1
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since the radiotoxicity of these nuclides is of the same order as 239y,
For sonme epplications (e.g., neutron sources), 238py may be the predominznt
xso*Op-, but generally such applicat lons are few, and the total quantity

used Is small when ccnoa:ed with that of 239py, Furshernore, since the radio-
toxicity of <he two isotoges is sinmilar, the discussion below generally
applies to 2""”u as well. . " : A ; .

Because of <he hizh chemical react1v1ty of plutonium and the probable

nature of the accident (v1z., giving a rise to a fire), ?u0, is the assumed
chemical form in the environment. This compound is gencrally considered .to

be insoluble, and the degree of insolubility is a function of the oxidation
temperature.(3) High-fired oxide is most highly insoluble, while oxide pro-
duced by auto-oxidation at room tenpera ures procduces the most soluble form
of the oxide. ' '

1

The p\y31cal form of ‘the plutonium is assumed to be partlculate, with

IQg.nOpnal'dls ribution  and a mass median aerodynamic diameter (HMAD) of
l.to 2 with 6§, =.1.5 to 2.0. This implies a count mean aerodynamic
dxaneter of .0.5 to 1.0p.. This particle size distribution, although not the

Y'worst .possible case" from an inhalation standpoint, is conservative and
+ has heen-inferred from experlmentul studies.(4-7) Stewart,(6,7) for example:, =
in exo°r1ﬂ°n~s in wh-cﬁ metallic plutoqluﬂ was burﬂed found that the mass
median diemeter (M¥D) of the airburne fraction of Pu ranged from 0.3 to
29 . Similar particle size distributions were reported by Ettinger et. al.
(Sl-and Ancersen. (%) Note that the perticle .size distribution of PuOp will
vary.-with ignition temperature; the higher the 1gﬂ1t1on teﬂperature,_the
larger -the. Dartlcle size. (7) .

o - .

N "'ECOLOGY AXD FATE OF °LUTOYIUW IN'THE ENVIRONMENT =~ - ¢ = -»
*-'-‘ﬂlmlted da a-obséiﬁéd from"a serles Bf exper;:ents 1n‘ evada indicate
that -once d°p051 ed, plutonium tends to remain in place on the ground sur-

face((8) Other data-confirm this ‘act, and 1rd1case that the Pu would re-.
main:within- the. top few 1nches of soil. The amount of deep -each-ng into

the so;; and into the water teble would be small, and soil, in fact, acts

as a good-filtering medium to keep the plutoniim out-of thé ground ‘water

Rain &nd- subseqaeﬁh'runoff,'ho"°ver, might-concentrate -the-plutonium-in
re;awvo*rs po“ds;-lakos and other bodies of ‘water. If, for'example; the
Pa°f3-coacentrated in puddles which later evaao“ate, "hot spots" might be -
-ereaced. Data in: these -areas of -concern are no+t readily available, and..
generally raise more questions than they answer, including such p01nts as

translocation,mechanisms, effects of bacterial action, and weathering.

A ‘certain fraction of the plutonium deposited on the ground or other
flag surface can be resuspended to give significant air concentrations. A
good deal of effur:t has been devozed <o the siudy of resuspension factors
(5-7,9-17), and reported values for plutonium and its compounds range over
-1l orders of maegnituce!(1l5) Although some correlation exists among type of
surface, wind, aad “esuSpeﬂsion, the particle size (within limits) and, to
a lesser extent, the contamination level seem 4o make little difference.
Tae plutoniun air concentration will vary accerding to the height above
the contaminated surface. Obviously, in enclosed rooms with considerabdle

ir circulation, air concentrations will be greater than in rooms with
'still air or in large open areas.

The resuspersion factor (RF), according to at least one study, appears
-to grow smaller &s the material ages.(1l5) Thus, the air concen<rations over
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Conclusion

Any known excavation technique or process would remove all vegetation
and in same areas all of the top soil.

Discussion

It would be necessary to carefully consider and weigh this impact on
the environment against any anticipated benefit from excavation of
any area. Cost to replace top soil and reestablish the vegetation
must be a part of any excavation plan but are not included in the
previously presented estimate. '

PR -
-

Recommendations

1.

The Division of Opérational Saféty should be encouraged to continue
efforts to establish official and accepted concentration guide values
for plutonium and other materials in soil.

An agreement exists between the U.'S. Atomic Energy Commission and
the State of Colorado that no. actions will be taken to remove the

-radioactive materials in the 903 Area until. such time that a suitable

alternate location is established away from Rocky Flats. Under the
present conditions and lacking a proven excavation technique, it is
likely that excavation of this area at this time presents a greater

_ ‘pqﬁengjaluhaza;g‘than leaving the area intact. This is also true of
. the area southeast .of the asphalt pad where there is good ground cover

with its associated stabilization effect. It is not recommended that
excavation of the 903 or any other area be undertaken at this time.

It is recommended that the roads on both sides of the security fence
east of the 903 Area be seal coated or asphalted from Central Averue
south to approximately Austin Grid E-22,500 or that traffic be
restricted to only that which is essential to environmental sampling,
security patrols, and fire watch activities.

- 100 -
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Im sumnary, it is not recommended that excavation of any area
be undertaken at this time., We will continue current preventative actions,
maintain and improwve the current surveillance and monitoring programs,
continue to study and thereby improve our understanding of the existing
conditions, and develop techniques and management programs should excava-
tion of any area be deemed desirable or necessary in the future.

- 101 -
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TOWARDS INTERIM ACCEPTAB SURFACE CONTAMINATION LZVZLS s ga
: _ - FOR ENVIRONMZNTA' PuOp * _ oD

“R.L. Kathrea
. Battelle Northwest
Richland, Washington, U.S.A.

C - INTRODUCTION

Metallic 239Pu is being used in increasing quan‘c1 ties for reactor fuels

"and for nuclear warheads. Although the probadbility is quite small, an

appreciadble amount of plutonium could be involved in a fire, explosion, or
other incident causing contamination of the surrounding area. An incident
of this type occurred near Palcmares, Spain, in January 1936, when two U.S.

wAlr Fopcewplanes coll*ded in mldal.. Two plcton;uﬂ-beerlng AEEDONS -CONTA~s . i~ - xtss

minated a s-gﬂlrlcant area of the. couq*rys-de, and rather extremedecontami-
nation efforts were employed over 'a portion of the area.(l) Tne cost of this
operation has been estimated at 50 million dollars, of which only about
million doliars was expended in recovery of the wezpon lost in the sza.

> o oot
bae

‘second incident, quite similar to the one at Palomares, occurred early tH*s

year. At the time of this wrltlna, specific data rega*d ng the extent of
environmental contamination are not available.

The probability of a serious accident has been computed for saveral

. .modes: of shipment, based on available.informatioa. (U.S. A.)-of- accident:

frequency and severity.(2) For certified all-cargo commercial aircraft, this
probability is 1/42,000 per 1,000 miles traveled. For other modes of com-
mercial shipment, the probability of a serious accident per 1,000 miles is
a factor of 2 to 4 less.

Evaluation of the degree of hazard resultlﬁg from such an acc1deﬂt is
not an easy task, because few data apply directly to a specific field
situation. Many factors need to be considered, and where data are lacxzng,
reasonable yet coaservatlve aSSUﬂpth1S should be made,

v~ it Ao L am e . . N M TRy

Thzs report w1ll conslder brlefly the pHys cal .and bzo’oa cal factors . -7~
pertlneﬂt to the establishment of acceptable surface contaminztion levels
for enviroamental 239Pu02. Tae practical difficulty of actual Sield
measurement of these levels will be omitted, as will dlSCLSS’01 of the
economic, social, psychological, moral, and other intangible factors.
Presented below is a brief analysis of the surface contamina<ion mazard
from a serious accident involving release of 2°9py. Rather than provide a
complete literature survey, an overview has been made with per:;nent re-
ferences cited.

CHEM ICA“ AND PHYSICAL FORM

For the practical purposes of hazard evaluation, slutonium matal mis
be considered a< ompo,e“ wioily of the fissile Isotope 239. ilthcu-h small
amounts 05-240 25y end S8iag may Se present alonz with other radiozctive

<

impurities, these nuclicdes do not appreciadly alter the hazards evaluation,

e
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" activities. . o : :

a-contaminated swrface will be reduced with time. This "air concentration
half life" ranges f£from 30 to 60 days,(15,16) and 45 days was selected as a
reasonadle value. Reduction of airborne nlutorium is a result of weathering,
translocation, a=d other conditions which bind the Pu to the ground. o
Weathering s probadly the most important single factor affecting the air-
Sorne Pu levels, : ' R

Review of the availadle pertinent literature would indicate that a RF
of 1073 y~i, although conservative, is appropriate. In support of this value
the data of Stewart{l7) is particularly germane. tor deposition from a series
of weapons experiments with both plutonium and uranium, resuspension: factors
as great as 7 x 10~"% M~1 were seen. For outdoor conditions with moderate
activity, Stewart proposes a value of 1072 to 10°% u-l as a guideline. For
quiescent outdoor conditions, 1070 ¥~1l is suggested. '

Working with Pu02, Jones and Pond(l#) found an average RF of 5 x 10795 -
¥-1 in a ladoratory with a person moving across the floor at the rate of 36
steps per minute. In enclosed rooms with considerable movement, RP's of
107% to>10"3 1 have been reported.(10,12) These latter situations are N
somewhat analogous to a house into which contamination has been tracked £rom
the outside, and in which the occupants are. carrying on normal living .. T T

Other confirmatory data can be obtained from industrial experience with
uranium.(9) However, the data are not always applicable to the widespread

- environzental case. Much of the available environmental data, notably the

Plumbbob resulis,(8,11,16,17) are questionable when carefully scrutinized.
The absence of adeguate data strongly justifies selection of a conservative
RF, and 107% H‘l-appears satisfactory at this tine. '

The ecology of environmental PuO, is of singular importance, yet there .
is a paucity of pertinent data relating to plutonium in man's food chain.

" The few studies of plutonium uptake by plants growing in contaminated soil

(16,18-20) indicate that the uptake by the leaves is quite small. Even
when Pu(li03), which is more soluble than Pu0y, was used, the concentration
in plant leaves was only. about 0.01% that of the concentration in the soil,
The concentration in the roots were much greater. Data aré availadle for -
barley, beans, and peas;(i8-20) however, no data are given for root crops
(e.g., carrots) or perennials. . . : ‘

Concentration of Pu in the tissues of animals.used for food is mot to . . "~

“be expected. Gastro-intestinal adbsorption of Pu is small(21-22), and in the

event of uptake, most of the plutonium would deposit in inedible portions
of the animal, such as the bone, or in the liver. When these factors are
combined with the small amount of plutonium expected in plant foods eaten

_ by the animals, this potential source or reservoir of plutonium is negli-
gible, at least when considering the hazard t» man.

TEE NATURZ OF THT HAZARD

-

Contanmination of the environment by Pu0, would primarily present an
internal radiation hazard to the populace. Of the three basic routes of
entry, the percutaneous would seem to be the least hazardous unless a fairly
large amount of contaminant were introduced through <he Sroken skin.(2u)
Percutaneous absorption through the unbroken tkin and skih exposure are
negligible, although a few particles of Pu07 in a wound might cause problers.,
Tais latter case would be exceptional however. Eairy by the ingestion route’
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Jis far less lxkely to create ‘a haza“d(2u 20) because the fractional uptake

from the human gut is only 0.003%(21) For ingested Pu. Hence, even if the Pu
" "were concentrzted in foodstuffs, the uptake from ingestion would be smzll.
And;:only with millicurie/day iatakes would the dose to the G.I. tract be
sufflcxe1t1y great to cause concern. . - . :

The inhatation hazard of °u02 great ly exceeds the ingestion or per-

cu;aneous hazard. and. is the limiting factor. This is partly attributadle to
_the small mass of the pulmonary lymph nodes 20 en,(27,28) and the fraction
Aof lnhaled dust retained 1n tﬁen (29- 3u) Tais actlon is about 2% for DuOg

e

(2]

remain uﬁanswared° e.g., How nuch Du crosses the placen;a and is incorporated
1nto the fetus? Questions of this nature, however, refer to rather specific
cases and. can only be resolved by further experimental work beyond the sc0pe

"of this. evaluation). Using the International Committee on Radiological Pr

tection: task group model. for- lung clearance,(29) the lymph nodes will be the
“eritical organ,. prlma ily because of their smzll mass and the essentially

-infaulg. (froa a blologlcal point of view) effective hal —llfe of the Pu0?
part;.cles depos:.ted m tnem. o o <

TRY

ETELT It is difficult to. assess;, Or even: to compute, a permissible level of
. €~exposure.-alo‘o~1cal parameters are. . defined. by Standard Man data, aad the

F_1365 ICRP Recommendations(29) also provide. en indication of acceptadble risk.,
-~ The: ICRP- promulgates. a.Dose Limit of 1.5 rem/yr to the lungs of a population

77 grotp exposed to coatrollable sources. For dlSaS;e“ type situations or

energencies, the.only guicdeline given is essentially "judicious decision
maklng,“ In. general the Committee, as well as this inquiry, advocates an
_gctual doése” as near zero as pOSSlble. However, Tor a population group in
.a plutonluﬁ contaninated environment, a limitiag luﬁg dose of 1.5 ren/yr

.i_may well be acceptadle. Although desiradble, it may not be practicable to

.. reduce area contamination levels to zero following a'release; therefore,
_gcpeptéble levels ror eﬂVlronnental Pqu_have beeq calcula;ed based on

‘EJJ Detcﬂ aﬁlnatlon.efrorts,to reduce su“face contanlnatxon below these
lgygls are not feasidle.

..2). Pu0y or other insoluble « enltte“s o‘ szmllar Hoza.d are- the primary

- .. 'source of contamination.

3) An acceptable rzsk is 1. S'rem/yr to tne adult pulvonary lymph nodes.(29)

4) Technical data

Aff;' Particle Slze._ 2 ]c ﬂMD ‘._': LT

'\ ‘i,

)
.
'

20% depos tion in pulﬁonawy compar.ment, with 15% of this quantity
transferred to’ “the_pulmonary lymph nodes.(29)

20 7.(27,28)

.1" ‘Mass of puanﬂary lymph nodes

Tgpp in pu‘ﬂoﬁa./ lymph nodes =t for 90% particles; and 360}days for
. remainder.(29)

Ground to air resuspension factor: w~ 207% ¥71,
Air cqncentrat-oa half life = ~ 45 days.(1ll)

?ulmonary compartment to lymph
node traisfer half life = 360 days.(29)




© fx = 0.1S R o .
lx = 0.693 = 2x 10-3/day o . . .. A“.. .
£ = 0.1 | L
D T '23233 = 2 x 10~3/day

If t, the time in the contaminated area, is. taken as 50 years, and the
integral solved for Co, the following values are obtained:

Co & 0.08 §Ci/n?
2%0.7- g/m
2103  dis/min per 100 cm? :

. The value chosen for the superior limit of the integrel is not critical
because almost the entire lung burden will be accumulated within the first
six months. The levels cited above would apply to an urben area fairly uni-
~pe P -formly conitaminated: with plutoanium. Other ‘factors will affect the per— '~
.missible levels of plutonium contamination, including the land area involved,
the land use, and the population density. Lower levels are indicated within-
a densely populated urbzn area as onposed to open rangeland or desert, since
more people will be exposed, thereby increasing the number of persons who
may be adversely affected. The population characteristics are also important,

- .for infants and children or other classes of people night be more susceptiBble
to adverse effects. However, data are lacking in this area of interest, and
so only the general case was considered. '

" Land use considerations were made subjectively, and the following
interim maximum peramissiblé surface contamination levels were derived for
four land use categories. , ' .

The levels cited in Table I are based primarily on inhalation hazard,
not ingestion. In the case of farming operations, possible concentration by
edible root crops (e.g., carrots, turaips) or by food animals and in nilk
w#as considered. However, the need for further siudy of the ecology of environ-
neatal plutonium cannot be too srrongly emphasized. Note that the levels -
. cited appear satisfactory for children also, partly because the loag equi-
libration time and smaller breathing volume oifset the reduced mass of the- -
pulmonary lung noces and the possible increase in radioseasitivity.

TABLE I: Inerin Haxinun °ern-ss*ble Sur’ace Contamination Levels for
. Environmental Puly

Urban, suburbaa, and Average:_los,dis/m11 per 100 cm?
recreation areas - — (0.04 pCi/n®)
_ Maximum: 10% dis/min uer 100 em?
. o - (0.7 ,4C1/m ), spread over: ..
. £1C% of the total area Included

Rural: truck farming, Average: 10" dis/min pe“ 100 cal
anaual fool crops, (ou ’4C1/m )
grazing laid, =milk- )
shed, etc. o . :
Rural: dge? root . - : Average : 105 d:s/mln per 100 ca? ’
perennials (4 uCi/m?) ’

e.q. nuts 1 3



Thus, approximately 3.2 x 1072 _Cihin the adult pulmonary lymph will pro-
duce a dose of 1.5 rem/yr, as Indicated by the calculation below:
~ The quantity, q, of 239y (in "yci) in the pulmonary lymph nodes that
will provide a lose rate, S_IE) of 1.7 x 10-% rem/mr (= 1.5 rem/yr)
can be computed by at . :

“dren _K1kp a ZEF(RER :

dt . k3m

in which k3 is a constant equal to 1.33 x 108 dis/hr/ uCi,
. kg is @ constant equal to 1.6 x 10-6 ergs/ieV,

k3 is a constant equal to 100 erg/g/rad, )

. L EF(R3E)n is the effective absorbed energy in MeV-rem/dis-rad,

and m is the mass of the pulmonary lymph nodes, in grams.
Putting in the values for the constants, and solving for q,

-y

q = ——100 % 20 x 1.7 x 10 - 3.2 x 1075 pci.
1.33 % 108 x 1.6 x 2006 xs3 . S

This.qpantity‘can be related to an initial ground contamination level, Co?

by the equation

P : .
-2 =t
q:j Co (RF) e et Jfp fx (1 - e ")
© . ’ . -th
- £y, (previous term) e dt

t . “dt. At t
J o e ™ g (l-e XNL-fre L) ar.
° . . : : '

In this equation, the terms are defined as shown:.
Co is the initial ground concentration, in }4Ci/m2.
RF. is the resuspension factor.

‘Xc is the air concentration reduction féctor, in days'l, which
is equal to 0.693 = 0.014. The 45-day quantity refers to the

: 4S5 e
air concentration half-life; see supra.

- J is the breathing rate, fé{entés,?b;m§/dayf

. f_is’the fraction transferred from the pulmonary compartment
' to the pulmonary lymph nodes. :

compartment.

>
(ol

s the clearance constant for fx‘

ve

f], is: the fraction cleared from the pulmonary lymph nodes, and

AL is the clearance constent for fy.

For any given particle distribution, the constants £
Ay, can be obtained from the ICR® Task G-oup data.(29) To Pud, with the
particle distribution assumed above, zhe appropiate values are: -

A mw o Shen

£ is the fraction of inhaled particles deposited in the pulmonary

£ £xs Ax, £, and

R
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Remote .or Controlled: Average: 106 ¢is/min per 100 cm?

desert, forest, fenced (4 )«Ci/mz)
or limited access areas. ,

COMPARISON WITH OTHER STANDARDS

"~ The literature abounds with suggested maximum surface contaminaticn
. levels, some of wnich have been written into law and are tabulated in Tadle
II. With the exception of the U.S.S.R., which is far more restrictive, all
are within reasonable agreement with the most restrictive level cited in
Table I. However, these levels refer to the industrial or work situation,
. and ‘hence, are not strictly comparable with eanvironmental levels. Dunster,
.(38-41) who has extensively studied contamination hazaxds, advocates 10-95
'P.Ci/cm2 (2200 dis/min per 100 cm?) for widespread areas contaminated with
plutonium, and his work essentially stands alone.

. TABLE II...Summary of- International Permissible AlphaﬂContahination‘Le?els
Written into Law. ' '

Maxinum
Permissible
- Alpha
Contanination :
Country o ((pei/m2) Application Reference
Czechoslavakia ' »0;11 - Workplaces, 3s
: o : after decon- )
ce T S " tamination
France : ' " 0.01 . Skin : 36
0.1 -+« Equiprment and
: © ° . workplaces in
o _ "inactive" areas
. 1.0 Equipment and
: " workplace:z in
o o . Mactive" areas
Poland ' T.0. Laboratories 3s,
T ' : restricted to 36
100 );Ci
_ X 1.0 . Labcratories
; ' IR in which
' 100 uCi
4 peraltted
South Africa = 0.1 . Body, personal 35
clothing, .
inactive arezs, ezc.
1.0 B Equisment and

workplaces iaside
controlled areas

o
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TASLE II. (conid)

. , : Meximum ' .
FETIL. LIS Lintiioln. . Permlssxble I P T TR
celeri. zitiin. fitie. Alpha -l
$r lImizEr zz:ziz: -, :: Contamination : . L
Country N ();Cl/m ) . ADE‘lcaIIOﬂ - Reference
Um.ted St 'O 02"“"""‘1&‘&3:‘5 ate Commerce 37
o : -;iinf-:* Seetel F-Ttochil Tt Commission (Depariment
:f‘:-.'. It I -';:: Sl leT "-‘"-.A'.".' LTl Of Tra—lsporf-atlon)
-.-'. [ T oEnIzoTlLI ol ."-:'4~';"'.. . L.l per “alns to lntarﬂor
il enhe TEES =IToTTe -- 4i Til. of -vehicles previously
ST oo TR e e ereonolnt B0 Y. s'used for transportation
= T R R L S ofTradioactive materials
L USSR U0 Towers 0T 'work Clothing and sur- 35
iuTiniuc. ini ool .:ire ssiini. .- :---_. __.faces before cleaning
- . 0.002 - Hands and work under-
ThEe ror. ;; :tE?:iT;IIE-_:i- --1--—010 hlng bgforg}
SRR : cleanlﬂg _
20006 Work surfaces, after
:e:t%sz;:-a ’ cleaning
. -Backgronnd Hands and work under-
coonTe - i wllo~- . :TTQ%Q?h’ﬁg’ after o
: ‘ _ T Tcleaning ‘ o
““¢Onited Xingdom Sho9.1 -7 "Inactlve areas ' 36
. . - 1.0 areas

T - - .
1Telle

Generally, suggested or requlred maxiou :3..De nlSSlble surface conta-

mination levels for both work aad 10ﬁ-wo“£ env1reﬁﬂen*s agree with those
c1ted in Table II or by Dunster. Howesver,. tbe.e is one no*able exce:tlon-
the U.S. Department of Defense. The level 0£762 nCi/m? (1.3% x 10% dis/min
per 100 ca?) has been promulgated by the-U.S. Air Force.(#8) This level is
two to three orders of magnitude greater- than-contemporary health physics
prectice,(43-46) and. about 4 orders of megaitude higher than those suggested
:_by:Dunster.(38-41) The Navy publication PORRAC, without regulatory status,
indicates a final clearance level accebtable ‘or unrestricted release as
about 0.04 }JCi/ﬂ (800 dis/min per 100 cm?). (A7) However, another VaVy
_publication has suggested an alpha contamination level of 0.62 ):Cl/m
(1.3u x 10% dis/nmin per 100 en?) has beea: svg ggested for shipdboard occupan-:y
on'a continuous basis.(43-49) . -

Although such a discussion could be carried on at considerable length
(perhaps ad ‘infinitum!), the point has been nade: considerable confusion
-exists with respect to alpha contamination limits in the. environment. Ex-
isting standards are based upon woefully inadaquate data; often a conservative
approach is not utilized. More information is nes=led, especially regarding
the fate of plrvtonium (and other alpha emitters) in the environment. Until

such informaticn becomes avallaale, the znterln standaxds of Table I are

put forth as consistent with good health nhys.cs practice.
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